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A method for assessment of particles 

All patent and non-patent references cited in the present application are hereby 
incorporated by reference in their entirety. 

Field of invention 



The present invention relates to methods for the assessment of particles, based on 
imaging of particles with less than 10 6 analyte detectable positions contained within 
10 the particles or on the surface of the particles. 

m 

Background of invention 

I 

Detection of a substance or a particle using staining of the substance or particle to = 
15 aid detection is widely used. However, many substances and particles are so small ^ 
that although stained it is difficult to detect them without using very high ^ 
magnification increasing the requirements to the equipment used and reducing the q 
volume of sample examined at one time. O 

20 Most methods for detection of particles based on imaging a volume of a sample 
containing the particles onto e.g. a CCD are based on addition of some sort of stain 
to the particle. In the case of cells a particularly popular type of stain is a stain 
capable of binding to DNA present in the cells. The reason for this is the abundance 
of DNA in cells. In human cells, there are approximately 3x1 0 9 DNA bases in every 

25 cell. Thus the theoretical number of positions to which a molecular stain can be 
bound is extremely high. Under such conditions the amount of electromagnetic 
radiation is so high that the exposure times can be low (in flow cytometry, the 
acquisition rate is typically 5,000 to 10,000 per second) and an acceptable 
signal/noise ratio can be achieved. 

30 

A classical amplification technique is that of enzyme-linked assay. A ligand reacting 
specifically with the analyte is bound to an enzyme, and after excess ligand-enzyme 
is removed, the analyte-ligand-enzyme complex is detected by reaction with a 
chromogenic substrate, a colourless material which is acted upon by the enzyme to 
35 form a coloured product. Because of its large amplification factor, enzyme-linked 
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assays offer high sensitivity, and are particularly useful for detection of small 
amounts of antigens. 

WO 98/50777 and WO 00/28297 (CHEMOMETEC) disclose methods and systems 
5 for assessment of properties of particles in a liquid sample. According to these 
disclosures the assessment is performed by staining the particles with stains which 
are known to stain DNA monomers. Accordingly these references disclose methods 
for assessment based on staining abundant molecules in the cells. Under such 
conditions the signal accumulated from each cell is relatively high and the signal to 
10 noise ratio is correspondingly low so that distinction between signal from particles 
and background is facilitated. 

It is an object of the present invention to provide an alternative method for the 
assessment of properties related to particles based on staining of analytes which 
15 are several orders of magnitude less abundant than DNA monomers. 

Summary of invention 

In a first aspect the invention relates to a method for assessing at least one quality 
20 parameter or at least one quantity parameter of a particle in a liquid material, said 
liquid material comprising particles having bound thereto or comprised therein at 
least one species of analytes in an amount of less than 1x10 6 analyte detectable 
positions, 

25 comprising: 

mixing the liquid material with at least one reagent material, said reagent material at 
least comprising a first targeting species capable of selectively and directly binding 
to an analyte position of said species of analytes, and a labelling agent, wherein the 
30 first targeting species and the labelling agent are directly or indirectly coupled to 
each other, 

arranging a volume of a liquid material comprising at least part of the mixture of the 
liquid material and the reagent material in a sample compartment having a wall part 
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defining an exposing area, the wall part allowing electromagnetic signals from the 
sample in the compartment to pass through the wall to the exterior, 

exposing, onto an array of active detection elements, a representation of 
5 electromagnetic signals having passed through the wall part from the sample in the 
sample compartment, wherein the representation is subject to a linear enlargement, 
so that the ratio of the image of a linear dimension on the array of detection 
elements to the original linear dimension in the exposing domain is smaller than 
20:1, 

10 

detecting the representation as intensities by individual active detection elements, 

processing the intensities in order to identify representations of electromagnetic 
signals from the particles as distinct from representations of electromagnetic signals 
1 5 from background, and 

obtaining the at least one quantity parameter or at least one quality parameter of the 
particles from the result of the processing. 

20 The step of exposing and detecting electromagnetic signals corresponds to 
recording an image of the sample in the sample compartment. What is detected by 
the detection elements is a representation of electromagnetic signals. 

Surprisingly it has turned out that it is possible to process the intensities and identify 
25 signals from particles as distinct from signals from background even when so few 
analytes in the particles are stained and contribute to the electromagnetic radiation 
from the particles. In the appended examples it has been demonstrated that it is 
possible to assess the percentage of CD3+ (CD3 positive), CD4+, CD8+ and CD45+ 
leukocytes using PE (R-phycoerythrin) conjugated antibodies in accordance with the 
30 method of the present invention, under conditions which are readily applicable to 
routine analysis using less complex apparatuses than generally applied in similar 
tasks. 
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Description of Drawings 



Figure 1. Schematic diagram of the experimental "double triplet system". A 
microscopic ChemoMetec module was modified by changing and moving the lenses 
5 and optical components in order to obtain larger numerical aperture (NA= approx. 
0.10) having a low transversal magnification (M T = 0.98) and by changing the filters. 
A flow cuvette with 40 \im of spacing was used and the cuvette flow path was 8 mm 
wide. Distance unit is mm. Components are listed in Table 1 below. 



10 Figure 2. Perspective drawing of the LED fixture with 8 LEDs showing front (left) 
and back that is mounted towards the LED PCB (right). Diameter is approximately 
30 mm. 



Figure 3. Picture of the experimental set-up. A microscopic module (left) was 
15 modified by changing the lenses in order to obtain larger numerical aperture (NA= 
approx. 0.10) having a low transversal magnification (M T = 0.98) and by changing the 
filters. The counting of the fluorescent objects was conducted both during analysis 
by the module (left) and after analysis by PC software (based on LabVIEW, National 
Instruments). 

20 

Figure 4. Optical characteristics for the filters and the spectrum for R-PE (R- 
phycoerythrin) and the LEDs. The filters have been optimised for detection of light 
emitted from R-PE. 

25 Figure 5. Image (screen dump, example) from the detection and quantification of 
human peripheral blood cells stained with anti-CD8/PE conjugated antibodies (as 
described in the "no wash" procedure, except dilution step 5 omitted ). The image 
corresponds to a volume of approx. 0.75 jjL which corresponds to approx. 0.02 \iL 
of undiluted whole blood when the "no wash" protocol described is used. 

30 

Figure 6. Image from the detection and quantification of QuantiBritePE beads 
diluted in lgG1/PE stained control blood sample. IgGl/PE stained control blood 
sample was pre-diluted in PBS buffer with 0.5% Pluronic PE3100 as described in 
the "no wash" procedure prior to dissolving the beads. The image corresponds to a 
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volume of approx. 0.75 //L which corresponds to approx. 0.02 jaL of undiluted whole 
blood when the "no wash" protocol described is used. 

Figure 7. QuantiBritePE beads (lot. 32417) in PBS with 0.5% Pluronic PE3100 are 
5 plotted into a histogram according to their individual integrated fluorescence 
intensities. Total approx. 10,500 events have been imaged, whereof approx. 9,500 
events are beads (three populations detected). Objects having sizes of 1 pixel and 
IFI (Integrated Fluorescence Intensity) <10 are objects that are very close to the 
detection limit (background). Threshold =7. Populations geometric mean IFI are 
10 approx. 120, 53, 18 (populations from right to left) and the bead populations contain 
approximately 78,000, 37,000, and 13,400 PE molecules per bead (mean) 
(populations from right to left). 

Figure 8. QuantiBritePE beads (lot. 20977) in PBS with 0.5% Pluronic PE3100 are 
15 plotted into a histogram according to their individual integrated fluorescence 
intensities (IFI). Total 10,192 events have been imaged, whereof approx. 9,500 
events are beads. Objects having sizes of 1 pixel and IFI <10 are objects that are 
very close to the detection limit (background). Threshold =7. Populations geometric 
mean IFI are approx. 290, 51, 19 (populations from right to left) and the bead 
20 populations contain approximately 182,000, 36,600, and 14,000 PE molecules per 
bead (mean) (populations from right to left). 

Figure 9. QuantiBritePE beads (lot. 32417) in IgGVPE control blood sample (diluted 
in PBS with 0.5% Pluronic PE3100 as described in the "no wash" procedure) are 

25 plotted into a histogram according to their individual integrated fluorescence 
intensities (IFI). Total approx. 10,002 events have been imaged, whereof approx. 
9,200 events are beads. Objects having sizes of 1 pixel and IFI <10 are objects that 
are very close to the detection limit (background). Threshold =7. Populations 
geometric mean IFI are approx. 150, 62, 20 (populations from right to left), and the 

30 bead populations contain approximately 78,000, 37,000, and 1 3,400 PE molecules 
per bead (mean) (populations from right to left). 

Figure 10. QuantiBritePE beads (lot. 20977) in lgG1/PE control blood sample 
(diluted in PBS with 0.5% Pluronic PE3100 as described in the "no wash" 
35 procedure) are plotted into a histogram according to their individual integrated 
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fluorescence intensities (IFI). Total approx. 10,500 events have been imaged, 
whereof approx. 9,500 events are beads. Objects having sizes of 1 pixel and IFI <10 
are objects that are very close to the detection limit (background). Threshold =7. 
Populations geometric mean IFI are approx. 305, 53, 18 (populations from right to 
5 left) and the bead populations contain approximately 182,000, 36,600 and 14,000 
PE molecules per bead (mean) (populations from right to left). 

Figure 11. Calibration curve using data from Table 2. QuantiBritePE beads in PBS 
buffer with 0.5% PE3100. 

10 

Figure 12. Calibration curve using data from Table 2. QuantiBritePE beads diluted 
in pre-diluted lgG1/PE stained blood. The lgG1/PE immunostained blood was 
prediluted in PBS with 0.5% PE3100 as described in the "no wash" procedure. 

15 Figure 13. CD3+ cells are plotted into a histogram according to their integrated 
fluorescence intensities (IFI). Approx. 824 objects were detected whereof approx. 
480 appeared as CD3+ cells. Sum of 40 images, corresponding to approx. 0.625 
of whole blood being analysed. Settings have not been optimised for the individual 
staining procedure but are the same as in Figure 2 and 3. The anti-CD3/PE 

20 immunostained blood was prediluted in PBS with 0.5% Pluronic PE3100 as 
described in the "no wash" procedure. 

Figure 14. CD4+ cells are plotted into a histogram according to their integrated 
fluorescence intensities (IFI). Approx. 387 objects were detected whereof approx. 
25 202 appear as CD4+ cells. Sum of 20 images, corresponding to approx. 0.313 of 
blood being analysed. Settings have not been optimised for the individual staining 
procedure but are the same as in Figure 2 and 3. The anti-CD4/PE immunostained 
blood was prediluted in PBS with 0.5% Pluronic PE3100 as described in the "no 
wash" procedure. 

30 

Figure 15. CD8+ cells are plotted into a histogram according to their integrated 
fluorescence intensities (IFI). Approx. 523 objects were detected whereof approx. 
410 appear as CD8+ cells. Sum of 20 images, corresponding to approx. 1.25 \xL of 
blood being analysed. Settings have not been optimised for the individual staining 
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procedure but are the same as in Figure 2 and 3. The anti-CD8/PE immunostained 
blood was undiluted (step 5. omitted) in the "no wash" procedure. 



Figure 16. CD45+ cells are plotted into a histogram according to their individual 
5 integrated fluorescence intensities. Approximately 4,100 objects were detected 
whereof approx. 2,200 appeared as CD45+ cells. Sum of 40 images, corresponding 
to approx. 0.625 \xL of blood being analysed. Settings have not been optimised for 
the individual staining procedure but are the same as in Figure 2 and 3. The anti- 
CD45/PE immunostained blood was prediluted in PBS with 0.5% Pluronic PE3100 
10 as described in the "no wash" procedure. 

Figure 17. Mouse isotype control lgG1/PE. Objects are plotted into a histogram 
according to their individual integrated fluorescence intensities. Total 280 objects 
were detected whereof only 10-20 objects appear as cells. Sum of 20 images, 
15 corresponding to approx. 0.313 jxL of blood being analysed. Settings have not been 
optimised for the individual staining procedure but are the same as in Figure 2 and 
3. Most of the objects having IFI>10 are hot-pixels that may be corrected by 
calibration of the CCD. The lgG1/PE immunostained blood was prediluted in PBS 
with 0.5% Pluronic PE3100 as described in the "no wash" procedure. 

20 

Figure 18 shows a one sided excitation system. 

Figure 19 shows a cross-section of the excitation light filter in a plane parallel to the 
sample plane. 

25 

Figure 20 shows the collection angle C and the angle E between the excitation main 
light path and the detection -sample axis. 

Figure 21 shows a double-sided excitation/detection system. 

30 

Figure 22 shows a double-sided excitation system. 



Figure 23 shows a double-sided detection system. 
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Figure 24 (a and b) shows a double-sided detection system with interchangeable 
emission filters. 

Detailed description of the invention 

5 

Definitions 

Quality parameter: a parameter or a property of a single particle or a group of 
particles, often used for the identification of particles, generally associated with the 
identification of a substantially specific particle or a specific property of a particle. 
10 Also a quality parameter can be a measure of an amount of a certain property of a 
specific particle or species of particles, generally with the purpose of identifying, or 
distinguishing between different types of particles or to distinguish between two or 
more states a particle represent, such as growth or metabolic states. 

15 Quantity parameter: a parameter or a property of a single particle or a group of 
particles often used for the enumeration of particles or relative enumeration of two or 
more species or groups of particles. 

Statistical Quality: a measure of a random property or behaviour, generally relating 
20 to precision and/or accuracy, such as repeatability and reproducibility. The level of 
quality, or relative level of quality are generally expressed in terms of variation 
relative to expected value (e.g. standard deviation of a normal distribution) or as 
reliability (e.g. reliability in discrimination or classification). 

25 Species of analyte: a compound on the surface of a particle or within a particle, to 
which at least one targeting species can be bound. 

Analyte detectable position: a position within a species of analyte to which one 
molecule of a targeting species can bind (either covalently, through affinity binding 
30 (antibodies, hybridisation), or by hydrogen bonding) 

Targeting species: a compound capable of binding to an analyte detectable position 
and directly or indirectly binding a labelling agent thereto through binding of a 
labelling agent to the targeting species. The coupling between the targeting species 
35 and the labelling agent may be direct or indirect (see below). 



WO 2004/040314 



9 



PCT7DK2003/000743 



Labelling agent: a compound capable of emitting, absorbing, attenuating or 
scattering electromagnetic radiation to result in the generation of a detectable 
electromagnetic signal. 

5 

Directly coupled: the coupling refers to the coupling between the targeting species 
and the labelling agent. Directly coupled means that the targeting species and the 
labelling agent are bound by a covalent bond and thus form one compound. 

10 Indirectly coupled: the coupling refers to the coupling between the targeting species 
and the labelling agent. Indirectly coupled means that the targeting species and the 
labelling agent are coupled via a non-covalent bond, e.g. an affinity bond (antibody- 
antigen, antibody-hapten, nucleotide hybridisation). In this case the targeting 
species and the labelling agent are two distinct compounds. 

15 

Particles 

The particles are preferably biological particles. Biological particles are in particular 
selected from the group consisting of cells, cell walls, bacteria, Plasmodia, virus, 
20 prions, macromolecules, proteins, polypeptides, peptides, genes, DNA, RNA, or 
fragments or clusters thereof. Preferably, the biological particles are cells. 

The cells are preferably selected from mammalian cells, insect cells, reptile cells, 
fish cells, yeast cells, and fungi cells, more preferably from blood cells, sperm cells, 
25 and bone marrow cells. 

The particles may be coupled to a solid support, such as beads, said beads being 
capable of being suspended in the sample domain. The beads may be polymer 
beads. Often the polymer beads can have physical and/or chemical properties which 
30 can assist in the handling of the particles such as paramagnetic beads. 

One embodiment of the present invention which involves the assessment of virus or 
other small particle is based on binding of the particle to a bead. This allows the 
particle to be treated in a more simple manner during pre-treatment such as with 
35 centrifugation, filtration or magnetic separation. 
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The beads may be labelled themselves to improve accuracy in the identification of 
one or more particles. One embodiment of the present invention uses two or more 
types of beads which can have affinity to bind two or more different particles. 

5 Also, the particle may be a DNA or RNA containing particle whereby the DNA/RNA 
or a fraction thereof may be stained with a DNA staining compound. This is often 
preferred when a further confirmation or assessment of particle property or particle 
specificity is needed such as assessment of viability. 

1 0 Analytes and analyte detectable positions 

According to the present invention a species of analyte is defined as a compound on 
the surface of a particle or within a particle, to which at least one targeting species 
can be bound. Examples of species of analytes include proteins, nucleotides, 
15 nucleic acid sequences, lipids, membrane constituents. 

An analyte detectable position is a position within a species of analyte to which one 
molecule of a targeting species can bind (either covalently, through affinity binding 
(antibodies, hybridisation), or hydrogen bonding). One species of analyte can thus 
20 contain more than one analyte detectable position. When the species of analyte is a 
protein which can be targeted by an antibody, each protein molecule may contain 
more than one epitope to which an antibody can bind. 

More specifically, the analyte may be selected from proteins, polypeptides, peptides, 
25 lipids, carbohydrates, lipoproteins, carbohydrate-conjugated proteins, membrane 
constituents, receptors, genes, DNA, RNA, or fragments or clusters thereof. 

The analyte may be bound to a cell membrane or a cell wall or to a cell nucleus 
membrane. This is more particularly so when the analyte is a receptor, e.g. a cell 
30 surface receptor. 

The analyte may either be located on the cell surface or be contained within the cell. 
The analyte may also be located on the surface of an organelle or be contained 
within an organelle. 
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The total number of analyte detectable positions in a particle is determined by 
multiplying the number of the particular species of analyte by the number of analyte 
detectable positions in each species of analyte. 

5 The particles may have bound thereto or comprised therein at least one species of 
analytes in an amount of less than 1x10 6 analyte detectable positions, for example 
less than 5x1 0 5 analyte detectable positions, such as less than 1x10 5 analyte 
detectable positions, such as less than 5x1 0 4 analyte detectable positions, such as 
less than 1x10 4 analyte detectable positions, such as less than 5x1 0 3 analyte 

10 detectable positions, such as less than 1x10 3 analyte detectable positions, such as 
less than 5x1 0 2 analyte detectable positions, such as less than 1x10 2 analyte 
detectable positions, such as less than 10 analyte detectable positions, such as 1 or 
2 analyte detectable position. The lower the number of analyte detectable positions 
the less signal can be produced by each particle so that it becomes increasingly 

1 5 difficult to identify the particles as such in the image of the sample domain. 

The present invention is particularly adapted for assessing particles which have 
between 250 and 250,000 analyte detectable positions (average for population), 
more preferably between 500 and 50,000 analyte detectable positions, even more 
20 preferably between 1,000 and 10,000 analyte detectable positions bound thereto or 
comprised therein. 



The following table gives the number of different membrane antigens per cell for 
various human cells. The membrane antigens are examples of species of analyte. 



Membrane Antigen 


Cell type 


Antigen Density per Cell 


Reference 






Mean ± SD 








(x10 3 ) 




CD3 


T cells 


57 ±7 


1 


CD4 


T H cells 


47 ±14 


1 




Monocytes 


17 ±5 




CD8 


T c cells 


145 ±29 


1 




NK cells 


39 ±10 




CD19 


B cells 


27 ±3 


1 


CD23 


B cells 


4.4 


2 
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CD45 


Lymphocytes 


217 ±64 


1 




Monocytes 


103 ±44 






Granulocytes 


36 ±16 





References: 

1. Bikoue A., et al., Quantitative Analysis of Leukocyte Memebrane Antigen 
Expression: Normal Adult Values, Cytometry, 26, p.1 37-47, (1996) 



2. Lenkei R., Determination of the antibody binding capacity of lymphocyte 
5 membrane antigen binding capacity by flow cytometry in 58 blood donors, 

Journal of Immunogical Methods, 183, p.267-77, (1995) 

Specific examples of species of analytes are selected from CD markers, such as 
CD3, CD4, CD8, CD16, CD19, CD22, CD34, CD45, CD61, and CD91, Epithelial 

10 Membrane Antigen (EMA), Estrogen Receptor a (ERa), Cytokeratin Human, 
Cytokeratin 7, Cytokeratin 20, Ki-67/PI, Phosphatidylserine, BCL2 Oncoprotein, 
suPAR (soluble urokinase Plasminogen Acivator Receptor), urokinase, a hormone 
bound to a receptor, a cell cycle related protein, a marker of apoptosis, and Green 
fluorescent protein (GFP). These examples of analytes are all proteins that can be 

15 targeted using antibodies. The majority of these have the further advantage that 
monoclonal antibodies directed against their epitopes are commercially available. 

According to one embodiment of the invention, the species of analyte is a receptor 
with a bound hormone such as a hormone bound to interleukine. When a hormone 
20 is bound to a receptor the latter often changes its conformation so that other 
epitopes are exposed and such that an antibody can distinguish between an 
unbound receptor and a receptor with a bound hormone. 

Further examples of species of analyte are nucleotide sequences. Examples of such 
25 species of analyte include a chromosomal DNA sequence, a mitochondrial DNA 
sequence, a chloroplast DNA sequence, a mRNA sequence, a rRNA sequence, a 
nucleotide sequence comprising a single nucleotide polymorphism. mRNA and 
rRNA sequences are present in relatively high numbers whereas specific protein 
coding chromosomal nucleotide sequences are present fewer copies. The total 
30 number of mRNA molecules in a typical viable mammalian cell varies from 1x1 0 s to 
1x10 6 depending on tissue type and conditions. The number of specific mRNA 
molecules in a typical human cell varies from about 10 copies per cell (low 
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abundance) to about 10,000 copies per cell (high abundance). The number of active 
genes in a typical mammalian cell is approximately 1 .5x1 0 4 covering less than 3% of 
the human genome, which is 3.3x1 0 9 base pairs. 

5 One further particular group of species of analyte are medical markers, which are 
markers of a disease. Assessing properties related to cells on the basis of medical 
markers can be used in diagnosis of various diseases and in evaluation of the 
clinical efficiency of drug candidates. 

10 The disease may be selected from cancer, genetic diseases, heart diseases, 
infectious diseases, immune-related diseases. More specifically the disease may be 
selected from breast cancer (e.g. Human Estrogen Receptor 2 marker), ovarian 
cancer (e.g. ovarian carcinoma antigen CA125 marker), epithelial carcinoma 
(Epithelial Membrane Antigen marker), malignant melanoma (S-100 protein marker 

1 5 and CDK4 marker), leukemia (Common acute lymphocytic leukimia antigen or CD1 0 
marker), sepsis (C-reactive protein or Caltitonin). The number of markers per cell is 
between 10 3 to 10 6 depending on the type of marker and the disease conditions. 

A further group of diseases which can be assessed using the present invention are 
20 infectious diseases. When assessing viral diseases the particle is selected from vira 
such as HIV, Hepatitis virus, Herpes virus, Epstein-Barr virus, Human Papilloma 
virus, chlamydia virus, cytomegalovirus, influenza virus. These viruses can be 
assessed by using either a species of analyte, which is an antigen located in a cell 
infected by said virus, or by using a species of analyte located in or on the virus, 
25 said species of analyte a nucleotide sequence, or a coat protein. The number of 
virus copies per millilitre (viral load) is between 10 2 to 2x1 0 6 depending on the virus 
type and the disease conditions. This roughly corresponds to 1 to 1 ,000 copies per 
cell depending on the virus type and the disease conditions. 

30 Targeting species 

Different types of targeting species may be used in accordance with the present 
invention, two important types being antibodies and nucleotide probes. Other types 
of targeting species include ligands or other known binding partners. 
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When the targeting species is an antibody this is directed to the analyte species. 
Examples of antibodies include monoclonal antibodies, polyclonal antibodies and/or 
chimeric or synthetic antibodies. Also functional fragments of antibodies are 
envisaged. 

5 

The targeting species may also be a nucleotide probe complementary to a 
sequence of an analyte species. The nucleotide probe may comprise monomers 
selected from the group comprising DNA, RNA, PNA, LNA and modified analogues 
thereof. It is generally known that probes comprising one or more LNA monomers in 
10 the hybridising sequence have a higher T m than probes with DNA, RNA or PNA 
monomers only. 

One particular type of targeting species are In situ hybridisation (ISH) probes. 
Among the ISH-probes the fluorescent in situ hybridisation probes (FISH) are 
15 preferred, since they can giver higher signal/noise ratios and therefore can detect 
smaller nucleotide sequences without amplification. 

Selective binding 

20 The term selective binding is used synonymously with the term selective linkage, i.e. 
a linkage that is specific for the analyte the parameter of which is to be assessed. In 
one embodiment the selective linkage is antigen-antibody binding, using antibodies, 
such as monoclonal antibodies, directed to an epitope on the analyte. In another 
embodiment the selective linkage is between nucleotide sequences. 

25 

The antibodies and/or nucleotide probes may be labelled directly or indirectly. Direct 
labels typically include phycoerythrin, (RPE or PE), cyanine dyes (Cy dyes), Cy3, 
Cy5, Cy5.5, Cy7, allophycocyanines (APC), indotrimethinecyanines, 
indopentamethinecyanines, acridine orange, thiazole orange, DAPI, propidium 
30 iodide (PI), ethidium iodide, 7-aminoactinomycin D, Per CP or chemically coupled 
combinations thereof. Indirect labels include secondary antibodies against the 
primary antibody, said secondary antibodies being labelled with a labelling agent. 

In an indirect label the primary antibody or nucleotide probe directed against an 
35 epitope or nucleotide sequence on the analyte may be linked covalently to a 
compound such as biotin, streptavidin, avidin, a hapten, digoxigenin, dinitrophenyl or 
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fluorescein. The analyte may then be visualised by a second label which specifically 
binds to the compound linked to the primary antibody or probe. Examples of such 
indirect labels include but are not limited to: hapten anti-hapten complex; biotin 
streptavidin complex; biotin avidin complex; digoxigenin anti-digoxigenin complex; 
5 dinitrophenyl anti-dinitrophenyl complex; fluorescein anti-fluorescein complex. 

In the case where the primary antibody or probe is linked to biotin, signal 
amplification can be obtained by linking streptavidin to the biotin and further linking 
biotin-label-biottn complexes to the streptavidin. Further rounds of amplification can 
10 be obtained by linking further streptavidin and biotin-label-biotin complexes. The 
result is that several labels are linked via complex linkages to the epitope or 
nucleotide sequence instead of just one label. 

In another embodiment the species-selective linkage may be provided using DNA 
15 and/or RNA and/or PNA and/or LNA probes selective for DNA and/or RNA related to 
the analyte. The probes may be labelled directly or indirectly through additional 
probes as described above in relation to labelling of antibodies. According to one 
embodiment, branched DNA (bDNA) can be used for signal amplification. bDNA 
involves the use of nucleotide amplifiers, label probes, label extenders and 
20 optionally capture extenders such as described in US 5,635,352 and 5,124,246 
(Chiron), which are incorporated by reference in their entirety. 

The invention also comprises the feature that an additional linkage is formed 
between a second species of analyte and a second label. 

25 

In the following non-exclusive list of examples of selective linkages formed between 
the analyte and the label, an asterisk * denotes an affinity binding or a nucleotide 
hybridisation such as the binding between antibody and antigen or the binding 
between avidin and biotin or the binding between homologous nucleotide 
30 sequences. A dash - denotes a covalent bond. 

analyte*antibody-label 
analyte*antibody*antibody-label 
analyte*antibody-biotin*avidin-label 
35 analyte*antibody-biotin*streptavidin-labeI 
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analyte*antibody-avidin*biotin-label 
analyte*antibody-streptavidin*biotin-label 
analyte*antibody*antibody-avidin*biotin-label 
analyte*antibody*antibody-streptavidin*biotin-label 
5 analyte*antibody*antibody-avidin*biotin-label 

analyte*antibody* antibody-streptavidin*biotin-label 
analyte*antibody-biotin*streptavidin*(biotin-label-biotin) n *streptavidin n etc 
analyte*antibody-digoxigenin*antidigoxigenin-label 
analyte*antibody-dinitrophenyrantidinitrophenyl-label 
1 0 analyte*antibody-hapten*antihapten-label 

analyte*antibody-fluorescein*antifluorescein-label 



analyte*DNAfragment-label 

analyte*DNAfragment*DNAfragment-label 
1 5 analyte*RNAf ragment-label 

analyte*RNAfragment*RNAfragment-label 

analyte*PNAfragment-labeI 

analyte*PNAfragment*PNAfragment-label 

analyte*LNAfragment-label 
20 analyte*LNAfragment*LNAfragment-label 

analyte*DNAfragment*RNAfragment-label 

analyte*DNAfragment*LNAfragment-label 

analyte*DNAfragment*PNAfragment-label 

analyte*RNAfragment*LNAfragment-label 
25 analyte*RNAfragment*PNAfragment-label 

analyte*RNAfragment*LNAfragment-label 

analyte*nucleotide probe-biotin*streptavidin*(biotin-label-biotin) n *streptavidin n etc 
analyte*nucleotide probe-digoxigenin*antidigoxigenin-label 
analyte*nucleotide probe-dinitrophenyrantidinitrophenyl-label 
30 analyte*nucleotide probe-hapten*antihapten-label 

analyte*nucleotide probe-fluorescein*antifluorescein-label 
analyte*bDNA probe*label probes 
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It is likewise conceivable that the species specific linkage may be formed by 
reversing the position of two components participating in the affinity binding such as 
reversing the order of avidin*biotin or RNA*PNA etc. 

5 Sample 

The sample may be a liquid sample such as a sample selected from the group 
consisting of milk, milk products, urine, blood, sperm, nasal secrete, tears, faeces, 
waste water, process water, drinking water, cerebro-spinal fluid, gall, bone marrow, 
1 0 food, feed, and mixtures, dilutions, or extracts thereof. 

The method may also relate to assessment of particles in water, such as control of 
drinking water, control of waste water or water from a water purifying plant or 
swimming pool. In all applications the control may be related to the total particle 
15 count, such as bacteria count or it may more particularly be related to a monitoring 
process for specific bacteria, such as pathological bacteria. 

Furthermore, fermentation control, i.e. control of cell growth and viable cells in 
fermentation tanks may be conducted by the Invention. This relates to all technical 
20 and industrial fields using fermentation, such as the pharmaceutical industry for 
producing peptide or protein compositions. 

The liquid sample may be pre-treated with any suitable treatment, such as 
centrifugation, sedimentation, filtration, extraction, dilution, irradiation, agitation, 
25 addition of chemicals, chromatographic separation. 

In another embodiment the sample is a solid sample which is pre-treated prior to 
being arranged in the sample domain. Examples of pre-treatments are blending, 
homogenisation, (re)suspension and dissolution. A pre-treatment is optionally 
30 followed by any of the treatments mentioned for the liquid sample. 

The sample may be any biological sample, such as a biopsy of tissue, such as a 
biopsy of muscle, brain, kidney, liver or spleen. 



35 Also, the sample may be a sample of food or feed to be tested for contamination, 
such as bacterial contamination. The present invention offers a very fast method of 
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detecting and enumerating bacteria in food or feed such as a method of detecting 
Salmonella species. The sample may also be a soil sample. 

Independent of the form of sample it is required that the particle is suspended in a 
5 medium before contacting the substrate. Said medium may be the natural medium 
for the particle or any liquid suitable for the detection. In one embodiment the 
particle is suspended in a medium after being pre-treated. 

Fluorescence 

10 

In a preferred embodiment the label is a fluorescent compound. A system based on 
fluorescence is generally more sensitive than a chromogenic since fewer product 
molecules are necessary for providing enough electromagnetic radiation to visualise 
the particles. 

15 

A fluorescent label is preferably capable of emitting signals in the wave length range 
of from 300 to 1200 nm when excited by excitation light. One preferred fluorescence 
method is the method of polarised fluorescence. 

20 The excitation light source is any suitable light source capable of emitting excitation 
light in the range of from 250 nm to 800 nm, such as a light emitting diode (LED), a 
gas laser, a solid state laser, a laser diode, a gas lamp, a halogen lamp, or a xenon 
lamp. 

25 It is preferred to use a diverging excitation light, such as light emitting diodes for in a 
cost-effective manner to expose as large area as possible of the sample to the 
excitation light. 

It may be preferred to use more than one light source for the purpose of increasing 
30 the flux of light onto the sample, for instance by using two or more light emitting 
diodes. It is also possible to use more than one light source where some of the light 
sources have different electromagnetic properties. 

By the use of several LEDs the sample is exposed to excitation light from several 
35 angles leading to a substantially optimal excitation of the sample, the light sources 
are preferably operated in such a way that all transmit substantially simultaneously. 
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However for some applications wherein at least a first and a second light source are 
arranged in the first excitation light means, the first light source having a different 
wavelength band than the second light source, the light sources may transmit in an 
5 alternating manner. By the use of two different light sources it is possible to obtain 
two different fluorescence signals from the sample. There is no upper limit to the 
number of LEDs used, but often as many as 30 LEDs are provided, such as up to 50 
LEDs, for example up to 100 LEDs, such as up to 150 LEDs, for example up to 200 
LEDs, such as 300 or more LEDs. 

10 

If a less diverging light source is used a diverging optical means may be arranged in 
the excitation light path to diverge the excitation light properly. 

When using laser diodes as the excitation light the proper divergence may be 
15 accomplished by an arrangement of at least 4 laser diodes optionally provided with 
diverging means. 

The incident angle of the excitation light is preferably in the range between 0° and 
90°, to the optical axis of the detection system, more preferably between 0° and 60°, 
20 such as between 10° and 45° to provide a suitable excitation of the sample. 

The excitation light may be transmitted directly to the sample, i.e. without being 
deflected by a beam splitter or the like whereby it is possible to construct the system 
and apparatus more compact. 

25 

Dual or multiple colour 

In a preferred embodiment, a distinction between at least two spectral properties of 
labels is used in the process of obtaining at least one quality parameter or at least 

30 one quantity parameter of the particles. Thus, by the present invention it is possible 
to simultaneously detect at least two different types of particles. This is achieved by 
using at least two antibodies or two nucleotide probes directed towards two different 
analytes located in or on two different types of particles, and providing the two 
antibodies or probes with two different labels, either directly or indirectly, and 

35 detecting the two different particles. 
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The two different types of particle may be two different cells, for example specific 
IgG and IgA-secreting cells, or the two different states of the same cell, such as to 
distinguish between dead and living cells, or distinguishing between apoptotic and 
non-apoptotic cells, or distinguishing between cells having different membrane 
5 antigens exposed on the surface, e.g. different CD marker. It may e.g. be of interest 
to be able to distinguish T cells from B cells in one and the same sample. This can 
be done by using a CD3 marker as the species of analyte for T-cells and a CD19 
marker as the species of analyte for B-cells. Phosphatidylserine is present on the 
surface of early apoptotic cells and may be detected with fluorescently labelled 
1 0 Annexin V in order to distinguish apoptotic cells from non-apoptotic cells. 

Also, in the latter situation a dual labelling may be carried out by using one labelled 
antibody directed towards the analyte and then another type of labelling of the 
particles to distinguish dead from living cells, such as conventional viability staining. 

15 

It is understood, that more than two different particles may be assessed hereby, 
such as three particles for example. 

Sample domain 

20 

The sample domain established according to the present invention may be a 
compartment or an equivalent thereof, wherein the sample is located during 
recording, such as a three-dimensional sample domain. 

25 The sample domain may be a part of a flow-through system, wherein each sample is 
part of a series of samples, whereby one sample is replacing the previous sample in 
the sample domain. In such embodiments, the sample compartment has both an 
inlet and an outlet. In other embodiments, the sample compartment only has an 
inlet. 

30 

In one particular embodiment the sample domain is part of a cassette, such as a 
disposable cassette as described in PCT/DK99/00605. In some embodiments, such 
a cassette contains pre-added chemicals that contribute to generation of the signal. 
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The sample is contained in the interior of the sample compartment, which normally 
has an average thickness of between 20 //m and 200 //m, usually between 30 //m 
and 150 //m and in many practical embodiments between 50 jjm and 100 j/m. 

5 The part of the sample domain allowing signals to be detected is referred to as the 
exposing window that can be as little as 1 mm 2 or more, preferably with an area of 2 
mm 2 or more, preferably with an area of 4 mm 2 or more, preferably with an area of 
1 0 mm 2 or more, preferably with an area of 20 mm 2 or more, preferably with an area 
of 40 mm 2 or more, more preferably with an area of 100 mm 2 or more. 

10 

Sample volume 

Sample volumes as small as 1 ml or less and even as small as 0.02 ml can be used. 
The optimal volume of the sample needed is highly dependent on the number of 
15 particles present in the sample and the predetermined statistical quality parameter 
sought. 

Other preferred embodiments of the present invention make it possible to assess 
particles from a considerably large volume of sample. This can allow the 
20 measurement of samples with only few particles of interest per volume of sample. 
Sample volumes larger than 1 ml and even larger than 100 ml can be used for the 
analysis, the volume being defined as the total volume of any liquid sample 
introduced to any flow system connected to the device before the measurement of 
the sample. 

25 

Often the design of the sample compartment or the sample is such that the size of 
the volume of the liquid sample is sufficiently large to permit the assessment of the 
at least one quantity parameter or the at least one quality parameter to fulfil a 
predetermined requirement to the statistical quality of the assessment based on 

30 substantially one exposure, so that the image is recorded in one exposure. In 
another embodiment the assessment of at least one quality parameter or at least 
one quantity parameter is obtained on the basis of more than one image, preferably 
two images, more preferably more than two images, more preferably more than four 
images. In these situations the images are recorded through two, three or more 

35 exposures. This can for instance be done to fulfil a predetermined requirement to 
the statistical quality. 
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Also, information about the changes in the image in course of time is used in the 
assessment of at least one quality parameter or at least one quantity parameter, and 
in such situations more than one exposure is made. 

5 

In many assessments of particles it is of interest to allow exposure of signals from 
substantially large volumes of sample. The volume of the liquid sample from which 
signals such as electromagnetic radiation is exposed onto the detection system is 
normally in the range between 0.01 a/I and 20 pi Generally the volume of the 

10 sample being analysed should be as large as possible. This allows the simultaneous 
assessment of a higher number of particles, but the optimal volume is often defined 
by one or more aspects of the detection system and the sample being analysed. 
Thus the volume of the sample in the sample compartment can be less than 0.1 //I 
but often a volume of more than 0.1 //I, more than 1 .0 //I or even more than 10 //I is 

15 used. In still other applications, a volume of the sample compartment as large as 
1 00 //I or more can be used. 

A large volume of the sample is preferably measured by passing the volume of 
sample through a particle retaining means, such as a filter, electrical field, magnetic 
20 field, gravitational field, such means preferably being included in the device or can 
be arranged to interact with any sample within the device. The particle retaining 
means should preferably be able to retain substantially all particles present in a 
sample, or at least a substantially representative fraction of at least one type of 
particle present in the sample. 

25 

When the particles from a large sample are retained, those particles can be re- 
suspended in a volume which is less than the volume of sample passed through the 
particle retaining means. 

30 In one embodiment more than one portion of the same sample material can be 
subjected to analysis by exposure to the detection system. This can be done by 
allowing the sample compartment to be moved, thus exposing a different portion of 
the sample compartment. 



35 
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The method is preferably carried out at a low magnification whereby it is possible to 
detect particles in a large volume in one or a few exposures. The magnification 
5 factor is preferably below 20, such as below 10, such as below 5, such as 4, more 
preferably below 4, such as 2, more preferably below 2, such as 1 . The advantages 
of such low magnification are several, among other things increased area of 
observation and increased depth of focusing implying increased volume exposed to 
the detection device. 

10 

When the particles in question have dimensions which are comparable to the size of 
a detection element, it is often preferred to have magnification of about 1/1, thus 
focusing the image of any particle on any one or just few detection elements. This 
can under some condition give favourable detection of any signal, 

15 

When analysing particles which have dimensions which are comparable to, or 
bigger than the detection elements used, it is often advantageous to reduce the size 
of the image of such particle, to a degree where the size of the image is comparable 
to the size of a detection element. Thus in one embodiment it is preferred that the 
20 magnification factor below 1, preferably below 0.9, such as 0.8, more preferably 
below 0.8 such as 0.6, more preferably below 0.6 such as 0.5. 

In these situations it is preferred that the ratio of the size of a particle, to the size of 
the image of the particle on the array of detection elements is 1/1 or less, preferably 
25 less than 1/1 and higher than 1/100, more preferably less than 1/1 and higher than 
1/40, more preferably less than 1/1 and higher than 1/10, more preferably less than 
1/1 and higher than 1/4, more preferably less than 1/1 and higher than 1/2. 

Thus, it is often preferred that the spatial representation exposed onto the array of 
30 detection elements is subject to such a linear enlargement that the ratio of the image 
of a linear dimension on the array of detection elements to the original linear 
dimension in the sample domain is smaller than 40:1, normally at the most 20:1, 
preferably smaller than 10:1 and in many cases even at the most 6:1 or even 
smaller than 4:1. 
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It is often preferred that the image of the product from the individual particles the 
parameter or parameters of which is/are to be assessed are imaged on at the most 
25 detection elements, in particular on at the most 1 6 detection elements and more 
preferred at the most 9 detection elements. It is even more preferred that the image 
5 of the product from the individual particles the parameter or parameters of which 
is/are to be assessed are imaged on at the most 5 detection elements, or even on at 
the most 1 detection element. The larger number of elements per particle will 
provide more information on the individual particles, while the smaller number of 
elements per particle will increase the total count that can be made in an exposure. 

10 

Statistics 

As mentioned above, the size of the volume is suitably adapted to the desired 
statistical quality of the determination. Thus, where the determination is the 

1 5 determination of the number of particles in a volume, or the determination of the size 
and/or shape of particles, the size of the volume of the liquid sample is preferably 
sufficiently large to allow identification therein of at least two of the particles. More 
preferably, the size of the volume of the liquid sample is sufficiently large to allow 
identification therein of at least four of the particles. This will correspond to a 

20 repeatability error of approximately 50%. Still more preferably, the size of the 
volume of the liquid sample is sufficiently large to allow identification therein of at 
least 10 of the particles. This will correspond to a repeatability error of approximately 
33%. Even more preferably, the size of the volume of the liquid sample is sufficiently 
large to allow identification therein of at least 50 of the particles. This will correspond 

25 to a repeatability error of approximately 14%. Evidently, where possible, it is 
preferred to aim at conditions where the size of the volume allows identification of 
even higher numbers. Thus, when the size of the volume of the liquid sample is 
sufficiently large to allow identification therein of at least 100 of the particles, it will 
correspond to a repeatability error of approximately 10%, and when the size of the 

30 volume of the liquid sample is sufficiently large to allow identification therein of at 
least 1000 of the particles, it will correspond to a repeatability error of as low as 
approximately 3%. 
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Stand still 

In a preferred embodiment of the invention the particles being assessed are at stand 
still or substantially at stand-still during analysis, thus allowing the optimal use of 
5 measurement time in order to improve any signal to noise conditions. This 
arrangement also eliminates any error which could be inherent in the assessment of 
particles caused by variation in flow conditions, particularly when an assessment of 
a property is a volume related property such as the counting of particles in a volume 
of sample. 

10 

Flow system 

The introduction of particle and reagent material into the sample domain may be 
provided by means of a flow system. The flow system may provide at least one of 
15 several operations to be carried out on the samples, said operations being selected 
from but not limited to transport, mixing with reagent, homogenising of sample and 
optionally reagent, heat treatment, cooling, sound treatment, ultra sound treatment, 
light treatment and filtering. 



20 In order to flow the sample into or within or out of the sample domain it is preferred 
to have at least one propelling means provided in the system. 

Preferably the flow regulation means is arranged to function stepwise so that the 
sample and/or the reagent component may be flowed stepwise through the system. 

25 

The sample in the device can be flown by the means of a flow system, which can be 
driven by a pump or a pressurised gas, preferably air, or by causing a pressure 
difference such that the pressure on the exterior of the inlet is higher than the 
pressure within at least a part of the system thus forcing the sample to flow through 
30 the inlet. In many embodiments of the present invention the flow in said flow system 
is controlled by one or more valves which can adjust the flow speed of the sample. 

In many preferred situations the flow of liquid in the device can be brought about by 
a vacuum, the vacuum being applied from a reservoir, preferably contained within 
35 the device. The vacuum can be established by a mechanical or physical action 
creating the vacuum substantially simultaneously with the introduction or the 
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movement of the sample. These mechanical or physical actions can be: a peristaltic 
pump, a piston pump, a membrane pump, a centrifugal pump and a hypodermic 
syringe. 

5 The outlet from the sample compartment can be passed through a flow controlling 
means, such as a valve, which only allows gas to pass through. One such type of 
valves which often is preferred, is one which allows gas and air to pass but can 
close irreversibly when the valve comes in contact with liquid sample. The effect of 
such valve is to minimise the movement of any sample within the sample 
1 0 compartment during analysis. 

In a preferred embodiment of the invention the system contains at least one 
compartment wherein the mixing of the sample material with catalyst and/or media 
is possible. 

15 

One advantage of the present system and method is that the analysis is carried out 
using only liquid reagents and particles suspended or dissolved in liquid. This layout 
ensures ease of operation and handling. 

20 Detection device 

The image which can be detected from the window of the device can for instance be 
detected by an array of detection elements, the array of detection elements 
comprising individual elements, each of which is capable of sensing signals from a 

25 part of the sample window area, the array as a whole being capable of sensing 
signals from substantially all of the sample window area, or at least a well defined 
part of the sample window area. The array of detection devices may for example be 
a one-dimensional array or a two-dimensional array. In order to facilitate the 
assessment of particles the intensities detected by the array of detection elements 

30 are processed in such a manner that representations of electromagnetic signals 
from the particles are identified as distinct from representations of electromagnetic 
background signals. 

The detection means may comprise any detectors capable of sensing or detecting 
35 the signal emitted from the sample such as a fluorescence signal. 
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In a preferred embodiment detection means comprises a detector being an array of 
detecting devices or detection elements, such as a charge coupled device (CCD) 
the CCD may be a full frame CCD, frame transfer CCD, interline transfer CCD, line 
scan CCD, an eg. wavelength intensified CCD array, a focal plane array, a 
5 photodiode array or a photodetector array, such as a CMOS. The CMOS is 
preferably a CMOS image sensor with on-chip integrated signal condition and/or 
signal processing. Independent of the choice of any of the above detection devices 
the detection means may further comprise a white/black or colour CCD or CMOS. 

10 Confocal scanning optical microscopes are known in the art and offer a number of 
advantages over traditional optical microscopes. One main advantage of a confocal 
scanning microscope is that it provides optical sectioning of a sample because it 
attenuates light which is not in focus. Thus, only light which is in focus contributes to 
the final image. 

15 

In a scanning confocal microscope, a beam is swept across a surface of a sample. 
The light which emanates from the sample (e.g., reflected from, emitted from or 
transmitted through) is directed towards a pinhole. Light that is in focus passes 
through the pinhole and onto an optical detector. As the beam is scanned across the 
20 surface of the sample, the output from the optical detector can be accumulated and 
formed into an image of the scanned surface. 

Use of a confocal scanning microscope especially a confocal laser scanning 
microscope for detecting the signals from the product formed in the sample domain 
25 is advantageous due to the greater sharpness of the detected image. 

The size of the detection elements determines to some extend its sensitivity. In 
some applications it is therefore of interest to have detection elements of size of 
about 1 fjm 2 or less. In certain situations the size of the detection elements in the 
30 array of detection elements is less than 20 //m 2 , preferably less than 10 jt/m 2 , more 
preferably less than 5 //m 2 , more preferably less than 2 /ym 2 , more preferably less 
than or equal to 1 fjm 2 . 

The array of detection elements is preferably sensitive to electromagnetic radiation 
35 of wavelength in one or several of the following regions: 100 nm to 200 nm, 200 nm 
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to 800 nm, 800 nm to 2 //m, 2 //m to 10 pm, 5 //m to 10 j/m, 10 pm to 20 jum, 20 //m 
to 40 //m. 

The inclusion of a focusing device for the focusing of a signal from the sample onto 
5 the detection elements in such a manner as to maximise the collection angle, the 
collection angle being defined as the full plane angle within which a signal is 
detected, has in many situations been found to give improved conditions for an 
assessment. 

1 0 Focusing - Lenses 

Signals from at least a portion of the sample are focused onto the array of detection 
elements, by the use of a focusing means, preferably by the use of one lens, it is 
however possible to use two lenses, or more than two lenses. The number of lenses 
1 5 used for the focusing system can affect the complexity of any measuring system. 

The focusing of a signal from the sample onto any detector is dependent on the 
position of the sample relative to any detector. When the construction of measuring 
system is such, that the relative position of the sample and any detector can vary, 

20 then there is advantage in being able to adjust the focusing of the system. This can 
often be achieved by first taking at least one measurement of any signal from the 
sample and then on the bases of this, to adjust the focusing of the system. This 
procedure can be repeated a number of times in order to obtain acceptable 
focusing. In the same manner the focusing of signal from the sample or sample 

25 material is adjusted, preferably where the extend of the adjustment is determined by 
at least one measurement of a signal from the sample. 

A property of several preferred embodiments of the present invention, is that it is 
possible to maintain identical focusing throughout the working time of an instrument 
30 applying the invention. In preferred embodiments the elements comprising the 
optical system are therefore securely fixed during production, preferably they are 
irreversibly fixed, e.g. through gluing of the elements of the optical system, thus 
preventing any intentional or accidental changing of the alignment of the optical 
elements. 
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The collection angle of a focusing arrangement used can have effect on the intensity 
of any signal collected on the array of detection elements. When high sensitivity is 
needed it is therefore practical to increase the collection angle. The preferred size of 
the collection angle can also be determined by other requirements which are made 
5 to the system, such as focusing depth. In these situations the collection angle of the 
focusing means is preferably at least 2 degrees, preferably more than 5 degrees, 
more preferably more then 15 degrees, more preferably more than 20 degrees, 
more preferably more than 50 degrees, more preferably more than 120 degrees, 
more preferably more than 150 degrees. 

10 

Signal 

The signals measured from one or more detection elements may be corrected for 
systematic or varying bias by the use of a calculating means, the bias correction 
15 being accomplished by the use of one or more pre-defined value(s), preferably 
where each measured signal for one or more detection elements in said array of 
detection elements has one or more pre-defined value(s), more preferably where 
each pre-defined value is determined on the bases of one or more of any previous 
measurements. 

20 

The bias correction may be performed by subtracting the results obtained in one or 
several of other measurements from the measured signal, preferably where the 
other measurements are one or several of measurements of the same sample, or 
sample material, more preferably where the other measurement is the measurement 
25 taken previously of the same sample or sample material. 

Also the signal from one or more detection elements may be corrected for intensity 
by the use of a calculating means, said correction being accomplished by the use of 
one or more pre-defined value(s), preferably where each measured signal for one or 
30 more detection elements in said array of detection elements has one or more pre- 
defined value(s), more preferably where each pre-defined value is determined on 
the basis of one or more of any previous measurements. 
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Processor 

Information of the signals detected by the detection means are input into a 
processor for processing, displaying and optionally storing the information. 

5 

The at least one quality or at least one quantity parameter of the particles is 
obtained by processing of the signals detected by the detection means. This 
processing can e.g. include conversion of the raw data using a pre-determined 
algorithm to obtained the quality or quantity parameter. The processing can also 
10 include use of a calibration curve or standard curve that specifies the relationship 
between the signal and the parameter of interest, e.g. as described in the Examples. 

The signal information may be displayed on a display connected to the processor 
and/or printed. The information displayed may be any kind of information relating to 
15 the signals measured and/or the system used, such as a number, size distribution, 
morphology, classification of particles, excitation wavelength, emission wavelength, 
magnification. In particular the data processing means is capable of distinguishing 
partially overlapping areas of product. 

20 It is possible to make the processing and the assessment of the parameters of the 
sample by using a calculation mean, preferably a digital computer, one commercially 
available from Analogue Devices (ADSP 2101), equipped with storage capacity 
which can only store information in amount substantially equivalent to a small 
fraction of the total number of detection elements, the assessment of the number of 

25 objects then being based on substantially real time processing of data, preferably in 
such a way that the measured information from each detection element, or a line of 
detection elements, or two or more lines of detection elements, is used for the 
assessment, substantially without any delay, such as a delay which would otherwise 
be caused by storing the measured information. 

30 

However, it is often preferred to store substantially all measured information by the 
use of a first calculation mean, preferably a digital computer, before the processing 
of the information by a second calculation mean, preferably a digital computer, and 
thus allowing the measured information to be processed at substantially the same 
35 rate it is obtained, but with a substantial time delay between the measurement of 
any information and the processing of the same information; preferably, this is 
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accomplished by using only one calculating mean, preferably a digital computer, 
equipped with enough resources to accomplish the task. 

One-sided and two-sided systems 

5 

One-sided and two-sided systems for the detection of particles are known from WO 
01/77648 (Chemometec). 

The detection device may be laid out as a one-sided device, i.e. a device for which 
10 the light is directed to the sample from the same side of the sample as the side from 
which the signals are detected. 

The detection device may also be laid out as a one-sided device, in which the 
excitation light is directed to the sample from the same side of the sample as the 
1 5 side from which the signals emitted from the sample are detected. 

By this apparatus a variety of advantages have been achieved as compared to 
conventional fluorescence microscopes. First of all it is possible to arrange the 
sample to be assessed directly in the sample plane instead of sliding it into the 
20 sample plane between the detector and the excitation light. Furthermore it has 
become possible to detect surface fluorescence of a sample not being transparent. 
It is also possible to increase the intensity of the excitation light without 
compromising the detectors. 

25 Also samples having a nature whereby it is normally not possible to arrange the 
sample in a microscope may be assessed by the use of the present system, in that 
the microscope may be placed directly on the sample whereby the surface of the 
sample simply constitutes the sample plane. 

30 Finally it is possible to produce a more compact and thereby more easily handled 
apparatus, in that the excitation light means is arranged on the same side of the 
sample plane as the detector, thus shortening the axis of the apparatus by at least 
25% as compared to conventional apparatuses. 
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By the present invention it is possible to assess parameters of a sample which has 
up to now only been reliably assessed by the use of flow cytometric equipment. It is 
possible to assess parameters of a large sample in one exposure thus reducing the 
statistical errors normally counted for when assessing large samples by assessing 
5 only parts thereof per exposure. 

Furthermore, it is possible to obtain more than one fluorescence signal from the 
sample in one exposure thereby facilitating classification of particles of the sample, 
due to their different fluorescence signals. 

10 

Examples of one and double sided excitation and detection systems 

In the following one embodiment of the detection system is discussed in more detail 
in relation to the drawings. 

15 

In Fig. 18 an example of the illumination and detection system 1 is shown in 
schematic form. The sample is arranged in a sample compartment in the sample 
plane. Excitation light from the light sources 4a, 4b in the excitation light means 3 is 
exposed onto the sample through a main light path 5a, 5b. 

20 

Fluorescence signals from the sample is emitted to the detection means 6 
comprising at least one detector 7. The path of the emitted signals is following an 
axis between the sample and the detector, the detection-sample axis 8. 

25 The signal data are transmitted to a processor coupled to the detecting means 6. 
The fluorescence signals from the sample is filtered by means of emission filter 14 
and focused to the detection means 9 by means of a focusing lens 10. 

The light sources 4a, 4b are arranged in a light module 11, whereby the 
30 transmission of excitation light directly to the detection means is avoided thereby 
increasing the system's relative signal to noise ratio. Furthermore excitation light 
filters 12a, 12b are positioned in the excitation light beam. 
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Fig. 19 shows a cross-section of the circular supporting material 13 of the excitation 
light filters wherein the position of the light sources have been indicated by circles in 
broken lines. 

5 In Fig. 20 the light path and signal path is shown in more detail. In the light path the 
main light path is shown as 5. Furthermore, the detection-sample axis is shown by 
broken lines 8. The collection angle of the system is denoted C shown between two 
arrows and the angle between the main light path and the detection-sample axis is 
denoted E. 

10 

In Fig. 21 a double-sided excitation/detection system 1 is shown wherein the 
systems on each side of the sample are identical and as described for the one-sided 
system of Fig. 1 . 

15 Fig. 22 shows a double-sided excitation system wherein excitation light from the 
light sources 4a, 4b in the first excitation light means 3a and excitation light from the 
light sources 4c, 4d in the second excitation light means 3b is exposed onto the 
sample 2 from both sides of the sample 2. As discussed above, the light sources 
may be identical or different depending on the information to be assessed. 

20 Furthermore, the filters used for each light source may be different or identical. 

Fluorescence signals are transmitted through and reflected from the sample due to 
the excitation light arrangement and emitted to the detection means 6. The path of 
the emitted signals is following an axis between the sample and the detector, the 
25 detection-sample axis 8. 

The signal data are transmitted to a processor coupled to the detecting means as 
described above. 

30 Fig. 23 shows a double-sided detecting system, using a single-sided excitation 
system, wherein reflected fluorescence signals from the sample 2 are detected by 
detecting means 6a comprising detector 7a. The reflected fluorescence signals are 
transmitted though filter 14a and focused by lens 10 a. 
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Furthermore, transmitted fluorescence signals from the sample 2 are detected by 
detecting means 6b comprising detector 7b. The reflected fluorescence signals are 
transmitted though filter 14b and focused by lens 10b. 

5 Filter 14a is preferably different from filter 14b, whereby information relating to at 
least two different fluorescence signals is obtainable. 

Also the magnification in the two detecting systems may be different, for example by 
lens 10a being different from lens 10b. 

10 

Fig. 24 shows one preferred construction of a imaging system, where up to 4 
interchangeable emission filters 14 are placed on a wheel, which can be rotated by 
a motor 140. The excitation light module 1 1 of this construction comprises up to 102 
light emitting diodes (LED's), which can be of the same type, or of different types, 
15 activated independently. The light from the LED's is focused onto the sample 2 by a 
fresnel lens (Frenel Optics, Germany, Cat.No. 02560001, SC256 FL=25.4mm, 
positive aspheric lens). The combination of more than one wavelength of excitation 
light and more than one emission wavelength make this construction suitable for the 
detection of two or more analytes, by a method of exposing sequential images. 

20 

Example 1 

Experimental study on detection and quantification of specific surface 
markers on human blood cells. 

25 

Procedure 

A calibration curve was constructed by measuring beads with known fluorescence 
intensities (QuantibritePE beads, Becton-Dickinson, Cat.No. 340495) diluted in an 
lgG1/phycoerythrin (PE) stained control blood sample. It was possible to detect and 

30 distinguish three of the four populations of fluorescent beads based on figure 7 to 
10, where there are three distinct populations of beads above the background level 
(see also Table 2 with data). Two different lots of beads were measured in order to 
distinguish at least four different populations of beads. This enabled the construction 
of a calibration curve that specifies the correlation between the integrated 

35 fluorescence intensity (IFI) and the number of fluorescent PE molecules on the 
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individual objects being measured (known from the manufacturer, Becton-Dickinson 
QuantibritePE beads CAT# 340495). The calibration curve is of course specific for 
the electronic settings and for the chemical procedure used. Two different lots of 
QuantiBritePE beads (Becton-Dickinson QuantibritePE beads CAT# 340495) were 
5 used in order to obtain more points to the calibration curve. Lot. 20977 and lot. 
32417 were used. The beads have diameter <10jim. 

Bead Calibration Curve in PBS: 

BD QuantiBrite PE beads Cat.No. 340495 in PBS buffer with 0.5% Pluronic P3100 
10 (defoaming reagent, BASF Performance Chemicals Division) prior to analysis. 

Bead Calibration Curve in IqG1/PE control sample: 

QuantiBritePE beads were dissolved in lgG1/PE stained control blood sample prior 
to analysis (see below). Blood sample was pre-diluted 1 :4 in PBS buffer with 0.5% 
15 Pluronic P3100 (defoaming reagent, BASF Performance Chemicals Division) prior to 
dissolving the beads. 

A common commercial "no wash" procedure for flow cytometry analysis was used 
for staining cellular surface markers on human peripheral blood cells (whole blood, 
20 EDTA anti-coagulated). The staining procedure requires no centrifugation or 
washing of the cells prior to analysis (DAKO Uti-lyse S-3350, "no-wash" protocol, 
DAKO A/S, Denmark). 

Antibodies were anti-CD3/PE (Sigma P-5810), anti-CD4/PE (Sigma P-7562), anti- 
25 CD8/PE (Sigma P-5560), anti-CD45/PE (Sigma P-7687), Mouse isotype negative 
controls lgG1/PE (Sigma P-4685), lgG2a/PE (Sigma P-4810). The protocol was 
performed as described by the manufacturers of the reagents. (DAKO Uti-Lyse 
cat.no. S-3350). Samples were diluted up to 4 times in PBS buffer with 0.5% 
Pluronic PE3100 (defoaming reagent, BASF Performance Chemicals Division) prior 
30 to analysis. 

Exposure time was 2 sees for all images (except for CD4 where exposure time was 
3 sees), and transversal magnification is close to 1 (Mr=0.98). The time for 
capturing one image, processing and saving data, and moving the liquid through the 
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cuvette is approx. 5 sec. A total of 20-40 images were captured in about 100-200 
sec. 

"No Wash" staining procedure: 
5 1 . Add 1 0OjiL of anticoagulated (EDTA) whole blood 

2. Add 10nL of the conjugated antibody specified to the blood, vortex and incubate 
for 30minutes. 

3. Add 100^L of Reagent A (fixative reagent), vortex and incubate for 10 minutes. 

4. Add 1 mL of Reagent B (lysing reagent), vortex and incubate for 1 5 minutes. 

10 5. Add 3 mL of PBS buffer with 0.5% Pluronic PE3100 (defoaming reagent) to 
dilute approx. 1 :4 . 

6. Analyse the sample on the ChemoMetec fluorescense detection and imaging 
system. 



15 Total dilution from whole blood is then approx. 38 times when the above w no wash" 
protocol is used. 

The sample is analysed by injecting it into the sample cuvette using a 1mL syringe 
(se picture in Figure 3). The fluid is stopped before capturing images by attaching a 
20 tubing squeeze-stopper to the tubing leading out from the cuvette (not shown). 



Experimental setup 



The picture in Figure 1 shows the modified microscopic module originally from the 
25 NucleoCounter ChemoMetec product. A diagram of the experimental system is 
shown in Figure 2. The lenses and filters have been modified. The modified module 
has increased numeric aperture (NA= approx 0.10) but still low transversal 
magnification (My== approx. 0.98). 



30 Settings and specs: 

Object size discrimination: 6 pixels (incl.) 

Cell counting threshold = 10 IFI (generally background objects had IFI<10 ) 
Raw image background, median filter maximum (width=41): 10 
Exposure time: 2sec ( M D1 9"= 7, except CD4 where expose time=3 sec) 
35 Exposure time code: Expose = 0.266 x (1 + "D1 9") 
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Settings: gain=85, offset=120, range=200 (except CD3 where gain=90 and CD4 
where D19=11) 

PC type: Dell Inspiron 2500 (Laptop with Intel Pentium III, 800MHz, 128Mb RAM, 
with USB port) 
5 PC software: 

Operative system: Microsoft Windows 2000 (Microsoft) 
Nl LabVIEW v.6i (National Instruments, Texas USA) 
Nl IMAQ vision (National Instruments, Texas USA) 
Image depth: 8 bit (256 colors greyscale) 
10 CCD type: SONY ICX404AL, 510x492 pixels, interlaced readout (images are 
510x246 pixels) 

CCD physical size: 4.90 mm x 3.69 mm (4:3 scale) 

Excitation filters: Omega 510LAF21 (0=25.0 mm) and Ferroperm 
2xSWP550+IRblock (0=25.0 mm) 
15 Emission filter: Ferroperm OG560+2xLWP575 (0=25.0 mm) 
Lens types: Edmund Scientific part no 45400. EFL = 25.0 mm 
optical system NA= approx. 0.10 

optical system M T = SQRT( (4.90x3.69x 101 .2)/1905)) = approx. 0.98 (close to 1) 
Dot cuvette grid specs: 1 01 .2 dots equal 1 .00 mm 2 

20 

Observations: 

Mean Cell Area: approx. 2.8 to 3.1 pixels. 

(Objects with high IFI had larger mean area than objects with low IFI) 



25 Components of the experimental "double triplet system" (Figure 1 ) are listed in Table 
1 below. 



# 


component 


description 


1 


LED fixture 


8 LEDs emitting light around 518nm 


2 


Excitation Band pass filter 


OMEGA, XF1 074, 51 0 LAF 21 


3 


Excitation Short pass filter 


Ferroperm, 2 x SWP550nm + IR block 


4 


Diff user glasses 


2 pes. diffusing side faces cuvette. 


5 


Cuvette measuring area 


Measuring area 4.96 mm x 3.69 mm, 
spacer 35-45 jim 
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O 


uuvene uoay 


All a i m ■ ■ «M /si i% #/"\4"+^""v /■■<■ Imam ♦* f n\ m. QaPA fill i ^\ <^ ♦ 

Aluminum, cuvene giass type Boro smcaie, 
2 mm 


7 


Triplet lens 1 


Edmund Scientific part no 45400. EFL = 

^.O.U mm 


Q 
O 


u i a p n ra y m 


uiapnragm aiameier = o.o mm 


Q 

w 


Emission Lona nass filter 


1 "1 1 UpCI III, vUJUU "r A L_V V r J / vi 11 1 1 


10 


Triplet lens 2 


Edmund Scientific part no 45400. EFL = 
25.0 mm 


11 


CCD 


CCD in fixture 


12 


Camera PBC 


PCB for mounting the CCD 



Table 1. "Double triplet" detection system components: 



Image data processing 

5 The image data may be processed in many different ways to obtain uniform 
distribution patterns for the objects being analysed. 

In this experimental system the imaging and counting of objects was done in the PC 
with software based on LabVIEW, National Instruments. The counting of the 

10 fluorescent objects was also done during each image capturing by the ChemoMetec 
microscopic module (left in Figure 1). The two methods gave similar counts for the 
individual images, but the module did not summarise the data from multiple images 
as it was possible in the PC software analysis after capturing of the images. 
Therefore analyses involving more than one image were performed in the PC based 

15 software. 

General description of the PC based software imaging operations: 

1 . Large-width median filter (width > 40pixel) was used on each dimension to 
eliminate image profile and enhance the S/N-ratio for the following 

20 operations 

2. Simple thresholding operation was used in combination with 

3. Object size discrimination (maximum number of pixels per object) for 
detection of the objects 

4. Integration of intensities, calculation of each objects's integrated 
25 fluorescence intensity (IFI). 
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Other potential methods to be used for this system: 

- Background subtraction with masking 

- Zone detection for determination of distribution pattern within image, 
5 - Statistical variations analysis for multiple images, (e.g. rough CV% 

analysis on specified range of total counts, empirical range of data) 
may be used. 

The filtered and thresholded images made from images like Figure 5 and Figure 6 
10 were automatically processed for identification of objects having IFI above the 
background (medial filter maximum value). The intensities were integrated over 
each of the objects and the resulting data were plotted into a histogram. Data from 
20 to 40 different images were summarised corresponding to a total volume of 
approx. 15 \iL to approx. 30 \iL of sample mixture. The sample mixture was diluted 
15 up to 4 times after traditional immunostaining prior to analysis. Total dilution from 
whole blood is approx. 38 times when the above "no wash" protocol is used. 

The processing of a single image took less than approx. 0.2 sec using PC based 
software. 

20 

Data from 20 to 40 different images were summarised and plotted into histograms 
from which the different populations geometric mean IFI could be estimated using 
manual gating and ordinary spreadsheet operations (MS Excel). 

25 Results - Image data and histograms 

All stainings yielded cells that were successfully detected and quantified using the 
experimental system of the invention. Mouse isotype controls lgG1 and lgG2a were 
both negative. 

30 

In Figures 7 to 17 are shown examples of the images from the detection and 
quantitation of the QuantiBritePE beads and from the detection of human peripheral 
blood cells stained with PE conjugated antibodies. 
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40 

The general impression of the images suggested that a different spacing (e.g. 30- 
140 \im) could be used without affecting the quantitative measurement of the cell 
signals. 



PE 


LogfPE 


IFI, PBS 


Log (IFI, 


IFI, 

mm ■ , 


LoqOFI. 


molecules 


molecules) 


geo Mean 


PBS geo 


IgG/PE 


IgG/PE, geo 








mean) 


geo Mean 


mean) 


13,400 


4.1271 


18 


1 .2553 


20 


1.3010 


14,000 


4.1461 


19 


1 .2788 


17 


1.2304 


36,600 


4.5635 


51 


1.7076 


51 


1.7076 


37,000 


4.5682 


53 


1 .7243 


62 


1.7924 


78,000 


4.8921 


120 


2.0792 


150 


2.1761 


182,000 


5.2601 


290 


2.4624 


305 


2.4843 



5 Table 2. Data from Figure 7 to 10. QuantiBritePE beads lot. 20977 (b) and lot. 



32417 (a) in pre-diluted lgG1/PE control blood sample made as described in the "no 
wash" procedure. Data has been calculated and estimated using MS Excel and 
National Instuments Lab VIEW software. Approx. 3,000 beads were detected for 
each data point. 

10 

The lgG2a/PE stained mouse isotype control sample gave similar results as for the 
mouse isotype control lgG1/PE (Figure 17). Figure 17 shows the background level 
that defines the detection limit of the system. 

15 Based on the data in figures 13 to 16 the following summary of the differential blood 
cell count have been made: 



Marke 
rtype 


Number 
of cells 


Volume 

blood 

analyzed 


Measured 
cells/|iL 
x 10 3 


Measured 
%of 

Leukocyte 
s 


Normal 

range 

%of 

Leukocytes 


CD3 


480 


0.625 \xL 


approx. 0.77 


approx.22 

% 


21 - 28% 


CD4 


202 


0.313 \iL 


approx. 0.65 


approx. 19 

% 


18-35% 
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CD8 


410 


1 .250 nL 


approx. 0.33 


approx. 9 % 


8 - 20% 


CD45 


2200 


0.625 nL 


approx. 3.50 







Table 3. The normal range of positive cells is roughly calculated from data from Hall 
(1991) and Kuby (1994) and from Winthereik, M.P. (1995). Hall, R. and Malia, G. 
(1991) Medical Laboratory Haematology, Butterworth Heinemann, Oxford Press.; 
Kuby, J. (1994) Immunology, W.H. Freeman and Co.; Winthereik, M.P. (1995, 
5 DAKO A/S, Denmark). Unpublished reference data, DAKO production QC. 

Conclusion 

The experimental fluorescence system according to the invention for detection of 
10 fluorescent objects can be used to detect and quantify fluorescent molecules on 
human peripheral blood cells using a common "no-wash" immuno-staining protocol 
for flow cytometry. The measured differential percentage counts (% of lymphocytes) 
on human leukocytes appear to be within the normal range for such analyses. 

15 Furthermore antibody binding capacities (ABC) for different CD markers of the 
different cell types may be estimated by using calibration curves similar to the one 
constructed here, and by using antibodies with known fluorochrome/antibody ratios. 
Also a volumetric differential counting of immunostained cells seems to be possible 
with further development of the technology. 

20 

The detection limit and sensitivity and general performance of the system can be 
further increased by optimisation of the optics, electronics, chemistry and fluid 
system designs. It is very likely that the system can be used in many applications for 
the field of human diagnostics and similar fields e.g. food analysis industry, water 
25 analysis industry and related fields (see list below). 

Diagnostic technologies for implication of the technology according to the invention: 

• Detection/quantification of surface molecules at the level of individual cells or 
particles e.g. CD45, CD3, CD4, CD8, CD22, CD34, CD61 

30 • Detection of molecules having an intracellular origin (e.g. proteins or nucleic 

acids) 

• Detection of molecules being markers for abnormal cells or abnormal 
conditions 
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• Detection of variations in the concentration of nucleated cells in blood or 
body fluids (e.g. increased concentration of nucleated RBC in blood) 

• Detection of bacteria or components with relation to bacteria 

5 Some of the clinical applications that may utilise the technology: 

• Differential counting of immnuno-stained leukocytes 

• Immunophenotypic analysis of leukemias and lymphomas 

• Detection of minimal residual disease 

• Stem cell enumeration 
10 • Viral infections 

• Immunodeficiency diseases 

• Reticulocyte analysis 

• Platelet function 

• Measurement of phagocytosis 

15 • Measuring expression of cell cycle related proteins 



Example 2 

20 Investigation of the feasibility of the present invention for the assessment of 
particles with limited number of analyte positions 

A series of testing of the feasibility of detecting particles with analytes, in a amount 
of less than 1x10 6 analyte detectable positions were conducted. In all tests the 
25 detection system was equivalent to the system presented in Fig. 24, configured for 
transversal magnification of approximately 1 . 

Test 1 - PE beads 

Detection of PE was investigated using QuantiBrite PE beads (BD, USA Cat.No. 
30 340 495) suspended in: PBS with 0.2% L31, block polymer surfactant (BASF 
chemicals, Germany). For excitation were used LED's emitting at 517 mn (Nichia, 
Japan, P/N NSPG300A), filtered with SWP 530 mn (Ferroperm, Denmark). The 
emitted fluorescence was filtered with 565ALP (Omega Optical, USA). 

35 The estimated detection limit for PE was 2780 MESF PE in PBS. 
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Test 2 - FITC beads 

Detection of FITC was investigated using Quantum 25 FITC beads, High level 
(BANGs labs. cat. no.825, 7.30/ym) suspened in: PBS with 0.2% L31 , block polymer 
5 surfactant (BASF chemicals, Germany). For excitation were used LED's emitting at 
470 mn (Nichia, Japan, P/N NSPB300A), filtered with SWP475 (Ferroperm, 
Denmark). The emitted fluorescence was filtered with 520DF40, XF3003 (Omega 
Optical, USA) 

10 The estimated detection limit for FITC was 10,000 MESF FITC in PBS. 
Test 3 - PE-Cy5 beads 

Detection of PE-Cy5 was investigated using Quantum 25 PE-Cy5, Medium level 
(Bangs labs. cat. no. 828, 7.40//m) suspened in: PBS with 0.2% L31 , block polymer 
15 surfactant (BASF chemicals, Germany). For excitation were used LED's emitting at 
517 mn (Nichia, Japan, P/N NSPG300A), filtered with SWP 530 mn (Ferroperm, 
Denmark). The emitted fluorescence was filtered with LWP 650 (Ferroperm, 
Denmark) 

20 The estimated detection limit for PE«Cy5 was 750 MESF PE-Cy5 in PBS. 



25 



